Authors present two new homologous series of liquid-crystalline compounds, methyl and ethyl 4-{[4-(alkanoyloxy)phenyl]diazenyl}benzoates, synthesis and investigation of their mesogenic properties. In the methyl series only nematic phase was detected and in the ethyl series nematic and smectic mesophases. Inuence of the alkyl chain length on the phase transition temperatures and their entropic values are discussed and compared with literature data.
Introduction
Azobenzenes belong to the rst identied on the properties liquid-crystalline molecules studied at the beginning of the twentieth century [13] . t that time primarily methyl and ethyl derivatives have been studied. Vorlaender began the study of whole homologous series in the 30's [4] , but the biggest growth was observed 40 years later [5] . t the time there were discovered a lot of interesting properties of azobenzene. For example, light--sensitivity, that allowed further applications of these substances in the LCD industry.
In the early 90's azobenzenes became more popular. Control of isomerization process aects many physical properties. This contributed to the creation of a new branch of science, which is optoelectronics [6] . Today we see a very rapid development of optical applications, which desperately needs a variety of photorefractive materials, including those with additional ferroic or liquid--crystalline properties [79] .
This paper presents two new series of liquid--crystalline compounds, which are derivatives of azobenzene. The rst group (3a-n) consists of methyl 4-{[4--(alkanoyloxy)phenyl]diazenyl}benzoates, while the second group (3b-n) of ethyl 4-{[4-(alkanoyloxy)phenyl]diazenyl}benzoates. From 30 investigated in this paper compounds only ve were described in literature [5] in 5 publications [1014] . Ethyl 4-{[4-(methyloyloxy)phenyl]diazenyl}benzoate (3b-2) was the rst compound described by Volreander's pupil Bergt in 1925 in his Ph.D. thesis [10] . The second paper by Knaak et al. [11] published in 1972 has a review character and among many presented nematic azobenzene derivatives. In this publication there were only republished Bergt's data. New results with four new compounds were described by Taiwan's group in series of three papers [1214] . * corresponding author; e-mail:
zbigniew.galewski@chem.uni.wroc. pl We critically compared these data with our results and presented in this paper. It is interesting that from the possible 210 alkyl 4-{[4-(alkanoyloxy)phenyl]diazenyl} benzoates only 5 derivatives were described in literature. Our intention was to design mainly molecules with longer alkyl chains where we expected to nd more interesting liquid-crystalline polymorphism. 
Synthesis
Main root of synthesis is presented in Fig. 1 .
This synthesis was done according to the procedure described by Hillemann et al. [15] . 4-aminobenzoic acid (50 g, 0.365 mol) was dissolved in 1 M aqueous HCl and kept in the ice bath at 05
• C. NaNO 2 (27.5 g, 0.365 mol), dissolved in a minimum amount of water, was added dropwise to the solution and stirred for about 30 min. Sodium carbonate (53.0 g, 0.500 mol) and phenol (34.4 g, 0.365 mol) were dissolved in 200 ml water and then stirred for 3 h at 05
• C. The resulting mixture was next neutralized with diluted HCl and yellow crude product was received. It was ltered o and dried in the air. Yield: 79.5 g (90% Compound (2a) (0.06 mmol), appropriate carboxylic acid (0.08 mmol), (0.06 mmol) DCC and a pinch DM P were dissolved in dichloromethane. The mixture was stirred at room temperature overnight. Next day the solvent was distilled out and the crude product was puried by column chromatography using dichloromethane as eluent and recrystallized from hexane. Yield: 2690%.
Purity of the target compounds were tested by elemental analysis (Table I) A similar procedure as above was adopted using compound (2b). fter solvent evaporation, the crude product was puried by method described above. Yield: 3575%. 3b-1: 
Calculated
Found All phase transitions parameters were investigated by two complementary methods, DSC calorimetry and optical polarizing microscopy (POM) with its quantitative version, TO A [16] . All detected phase transition temperatures and their enthalpies are presented in Table II . Both used methods gave the same phase transition temperatures. Typical examples of such measurements are presented in Fig. 2 . * Given a common heat of two phase transformation. * * Heat cannot be determined due to the complex sequence of exothermic and endothermic processes.
In the cooling mode both methods show the presence of two mesophases and the texture observations ( Fig. 3a  and b) indicates that these two mesophases are: nematic and smectic A. Nematic mesophase is monotropic and smectic A enantiotropic. In TO measurements light intensity in the nematic phase is the same as in isotropic phase. Such results are typical for homeotropic sample orientation. Usually in the phase transition point observed light intensity is very low. That is connected with the increasing anisotropic character of the phase and its homeotropisation. In the heating mode there is observed unexpected phenomenon. In the cooling mode it grows up from smectic A a new thermodynamically unstable phase, the solid one (Cr(I)). This phase (Cr(I)) in the heating process melts in 83
• C to the nematic mesophase, which is shown in Fig. 3c . Probably Cr(I) at rst is melts to smectic A. But both mesophases temperature ranges are very narrow and the melting process with signicant enthalpy covers smectic A creation. Only nematic phase is able to observe during the melting. n unexpected result was the new crystal phase (Cr(II)) that grows up in the heating mode at the 85 By using two complementary methods DSC and TO we were able to search mesogenic properties of both homol- ogous series. In the rst series 3a-n, methyl 4-{[4-(alkanoyloxy)phenyl]diazenyl}benzoates, we observe only nematic phase. Inuence of alkyl chain length on the phase transition temperatures is shown in Fig. 4 . We observe relatively high melting temperatures for the rst three derivatives, which decrease from 154.3
• C (ethyl derivative) to 125.6
• C (butyl derivative). Remaining derivatives have typical melting temperatures values in the range from 112
• C to 120
• C. In this series nematic phase in majority case is monotropic. Only butyl and octyl derivatives are enantiotropic. Clear evenodd eect of isotropisation temperature is visible with decrease of its average values along with extending chain length. It is exceptional butyl derivative with highest temperature of isotropisation, 128
• C. The next one, pentyl derivative, is non-mesogenic. Low isotropisation temperature and high melting and freezing temperatures are the causes of our observations. The same reason is responsible for the non-mesogenity of the last three derivatives, 3a-13, 3a-15 and 3a-17. In the second investigated series 3b-n, ethyl 4-{[4-(alkanoyloxy)phenyl]diazenyl}benzoates, mesomorphism is richer. We observed two kinds of mesophases: nematic and smectic A, which indicate the textures observations ( Fig. 3a and b) .
Inuence of the alkyl chain length on phase transition temperatures of the second homologous series 3b-n, ethyl 4-{[4-(alkanoyloxy)phenyl]diazenyl}benzoates, has been presented in Fig. 5 . Just as in the 3a-n series the rst three derivatives have signicantly higher melting temperature than others and they are as follows 115
• C, 107
• C and 97
• C. From hexyl derivative melting temperature starts to increase. Decrease of melting tem-perature is non-typical for undecyl derivative about 8
• C and simultaneously nematic phase disappears. lso small value of melting hysteresis is very characteristic for decyl derivative. In this series nematic phase is observed from butyl to decyl derivatives with very distinct even odd eect of isotropisation temperature. From pentyl to heptadecyl derivatives there was observed extra smectic mesophase. The presence of this mesophase in octadecyl derivative at very fast cooling is also possible. From this series four derivatives were also investigated by Chinese group from Taiwan [1214] . The most controversial is the decyl derivative in comparison with our results. They report that only one mesophase SmB is present. Furthermore, they did not observe either crystallization or glass transition. Our DSC and TO results are presented in Fig. 6 . Dierential scanning calorimetry measurements in the cooling mode of this substance showed two peaks, including one complex, which correspond to three transformations: from isotropic phase to the nematic, NSmA and crystallization (Fig. 6) . ll mesophases have a very narrow range and appear after the beginning of the crystallization process. Such situations are visible in Fig. 7c and d , where among growing up crystals there are areas with typical textures of nematic (Fig. 7c) and smectic A (Fig. 7d) . The temperature of melting is a proof of monotropic character of observed mesophases. We think that the Lai et al. results have been misinterpreted, but properly measured. It is possible that monotropic mesophases are invisible, especially when low rate of cooling is used. According to their interpretation the enthalpy of isotropic to smectic B phase transition has too high value, corresponding rather to crystallization process. Furthermore, the shape of the XRD spectra shown in their work is more appropriate for the crystalline phase, not for liquid-crystalline. Moreover it is very unusual that in the homologous series only one derivative has one mesophase SmB and the neighbor derivatives have nematic and smectic A. Another interesting phenomenon observed in this series is the solid phase polymorphism. The most significant CrCr phase transition is observed in the propyl (3b-2), butyl (3b-3) and nonyl (3b-8) derivatives. Relatively high entropy value of this phase transition can be connected with the orientational disordeted crystal (ODIC) character of the high-temperature phase.
In both homologous series only two types of mesophases are observed: nematic and smectic A. Very interesting are entropic eects. There were taken into account only these phase transitions for which the enthalpy was possible exactly to measure. Such conditions fullled only six derivatives with both mesophases, ve with smectic A only and nine with nematic. Because of similarity of the structure we can compare the entropy of liquid crystalline phase transition. These results are presented in Fig. 8 . The phase transition nematic-isotropic has the entropy value nearly constant with the average 
Conclusions
In this paper there are presented synthesis and investigations of liquid crystalline properties with the help DSC calorimetry and polarizing microscopy two homologuous series of 4-{[4-(alkanoyloxy)phenyl]diazenyl}benzoic acid esters. For the methyl ester series very poor liquid crystalline polymorphism was detected. Only nematic mesophase, mainly monotropic, was found. It is probably connected with relatively very high melting temperatures. For the second series richer polymorphism has been detected with the presence of nematic and smectic A mesophases. Very characteristic evenodd eect of clearing temperature was found. From received in this paper results we can conclude that this group of compounds, 4-{[4-(alkanoyloxy)phenyl]diazenyl}benzoic acid alkyl esters, are rather poorly mesomorphic. Even for the tetradecyl derivative of ethyl esters series only smectic A mesophase was observed. But because their cis-trans isomerization eect, liquid-crystalline properties and relatively low phase transition temperatures they can be useful as the photorefractive materials in modern optics.
